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FURTHER  STUDIES  UPON  THE  PATHOGENIC  SPIRILLA 
OF  THE  SCHUYLKILL  RIVER  AT  PHILADELPHIA. 
BY  A.  C.  ABBOTT,  M.D.,  AND  D.  H.  BEtIGEY,  M.D. 
(Fro~ the Laboratory  of Hygiene,  University  of Pennsylvania.) 
In a former paper* by one of us (A. C. A.)  attention was called to 
the  fact  that  in  the  water  of  at  least  one  American  river,  viz.  the 
Schuylkill, at Philadelphia, pathogenic spiril]a had been detected that 
possess the  majority  of  the  characteristics  common to  that  group  of 
spirilla  whose  most  important  member  is  the  spirillum  of  Asiatic 
cholera.  In the course of the investigation seve~:al questions arose,  as 
to  the frequency with which this variety was to  be  detected, its  dis- 
tribution in the river, and the possibility of its detection in water from 
other sources.  Since the publication of these researches a part of the 
time at our disposal has been utilized in endeavoring to answer these 
questions.  The results arc embodied in this communication. 
First: With regard to the question of constancy of occurrence.  Is 
the presence of this organism in the river subject to seasonal variations ? 
In the studies of Dunbar upon the spirilla of the Elbe at Hamburg 
it  was  found that  with  the  advent  of  autumn  and  winter,  i.e.  the 
onset of cold weather, the spirilla gradually  diminished in frequency, 
and  ilnal]y  disappeared  entirely from the  water  itself,  though  from 
time  to  time they  were  demonstrable  in  the  mud  from  the  bottom 
of the river. 
Our  ~ ,1dies,  which have  been  continuous since June  last,  demon- 
strate tb  :Jccurrence of spirilla in varying numbers in the water during 
all  four. ~asons of the year.  They were most numerous during the 
months of June, July, August and September, after which they grad- 
ually became fewer,  and  during January  and  February  of this  year 
almost,  though  not  quite,  disappeared;  becoming  again  more  con- 
spicuous with the beginning of ~arch. 
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Whether  the  diminution  observed during  the  autumn  and  winter 
months  can be attributed  to the low temperature  of the  water  alone, 
we cannot  say, but we incline  to the opinion  that  this,  together with 
the frequent flushing of the river  and its tributaries,  particularly  the 
sewers, by the heavy rains of autumn, has much to do with it. 
Second:  As  to  the  distribution  of  the  spirilla  in  the  river.  We 
have isolated them from samples of water collected at  points situated 
a  short distance  apart,  from practically all that  part of the river  that 
is within the city.  They have been found at both high  and low tides. 
We  have  also  obtained  them  from  a  number  of  main  and  branch 
sewers that empty into the river on either side.  They have also been 
isolated  from  the  water  drawn  from  the  laboratory  faucets,  so  that 
their presence in  the  river  above the  Fairmount  dam,  that  is,  above 
the  points  of greatest  sewage pollution,  is  certain.  Concerning  this 
latter  point,  however,  it must  be remembered  that  the  water  of the 
Schuylkill river,  as pumped into the  city reservoirs  and  mains,  to be 
used  for  domestic  purposes,  is  already  charged,  to  a  certain  extent, 
with sewage from towns located farther up the stream. 
Third:  Concerning  the presence  of this  group of spirilla  in  other 
American  streams:  the  time  at onr  disposal has  permitted  the  inves- 
tigation  of but  one  other source  of supply,  viz.  the  Delaware  river. 
Here we encountered the spirilla as frequently as we did in the Schuyl- 
kill  and  under  essentially  similar  conditions.  The  spirilla  isolated 
from  the  Delaware  river  and  the  sewage  emptying  into  it  did  not 
differ in nature  from those found in the  Schuylkill  and  its tributary 
se  wers. 
An interesting  question  that  arises in  connection with  these  inves- 
tigations  relates to the  origin  of these bacteria]  forms.  We have,  as 
stated,  encountered them both in the waters of the  two rivers  and in 
the effluents from sewers emptying into them.  Do they occur in the 
rivers as a consequence of sewage pollution,  or are they in the sewage 
as  a  contamination  by the  river water  that  in  some cases backs into 
the  sewers  during  high  tides?  We  are  inclined  to  the  opinion  that 
they are brought into the rivers with the sewage, but from what source 
they gain access to the sewage we cannot say.  It would be interesting A.  C.  Abbott  and  D.  H.  Bergey  537 
to  know  if  in  household  slops,  or  in  intestinal  evacuations,  either 
normal or pathological, such forms are to be commonly detected.  We 
have always found them to be more numerous in sewage than in water 
from the middle of the rivers,  but this  might  readily be referable  to 
the  more  favorable  opportunities  that  sewage,  rich  in  nitrogenous 
matters, offers for their multiplication. 
In all we have isolated one hundred and ten pure cultures of spirilla 
from  the  several sources  mentioned.  After  subjecting  them  to  the 
routine  tests it was found that few or none of them were identical  in 
every particular.  At  the same time they approached  one another  in 
so many features and to such varying degrees that we could not avoid 
the opinion that they were but modifications of some one, more or less 
distinct,  species; in  other words, that  we were dealing  with  a  group, 
the  individuals of which were related to each  other in a  way sugges- 
tive of the  relation  between the  typical Bacillus  col.i communis  and 
the  numerous  varieties  that  are  embraced  within  the  so-called colon 
group of bacilli.  For the sake of convenience, various attempts were 
made to classify them into sub-groups according to more or less con- 
spicuous peculiarities,  but in no instance has it been possible to  draw 
sharp dividing lines. 
With regard  to  pathogenesis:  Because of the resemblance  of these 
organisms  to  Vibrio  metchnikovi,*  with  which  we  are  strongly 
inclined to think them either identical or very closely allied, the pigeon 
was  employed  as  the  test  object for  their  disease-producing  powers. 
By this test we could readily divide them into two primary groups, viz. 
pathogenic and non-pathogenic, though many of the members of these 
two  groups  have  a  number  of  cultural  characteristics  in  common. 
Many of those found to be pathogenic are but feebly so, and many of 
those found to be non-pathogenic  possess most of the  cultural  charac- 
ters of the fully and feebly pathogenic ones, indicating the probability 
of their being but attenuated specimens of the pathogenic group.  We 
have been  obliged, therefore,  to subdivide these  two primary  groups 
according to their  disease-producing properties for pigeons as follows: 
1.  Those that are distinctly pathogenic, causing death of the animal 
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and producing constant pathological lesions after a more or less fixed 
interval of time. 
2.  Those that are feebly pathogenic.  These may or may not cause 
death of the animal, and the lesions resulting from their action upon 
the tissues are atypical. 
3.  Those that are non-pathogenic, but which possess, in a conspicu- 
ous  degree, the majority of the cultural  characteristics of those em- 
braced within groups  1  and  2,  especially the production of indol in 
considerable amounts. 
4.  Those  that  are  distinctly non-pathogenic,  and  which  differ in 
several of their cultural peculiarities from members of the other groups. 
The organisms embraced within the fourth group may, perhaps, be 
regarded as forming a distinct class, for the reason that they all failed 
to  give  the  indol  reaction  when  tested  with  sulphuric  acid  alone, 
though with few exceptions this reaction was obtained when they were 
subjected to  the action of sodium nitrite and sulphuric  acid;  that is 
to say, they have the power to produce indol, but not to reduce nitrates. 
The cultures of the first three groups showed more or less  marked 
indol-production upon the addition of sulphuric  acid alone; those of 
the first and second groups most decidedly so, while with those in the 
third group the reaction was variable, being quite marked with some, 
with others less decided.  They all had, therefore, the power of reduc- 
ing nitrates. 
These organisms may be divided into two groups also according to 
the structure of their colonies in  10  per cent nutrient gelatin.  The 
first group  comprises those  individuals  whose  deep  colonies  are  dis- 
tinctly rosette- or mulberry-like, and which rapidly liquefy the gelatin, 
on coming to the surface, in the form of a funnel- or cup-shaped depres- 
sion.  The margin of these liquefying colonies is  homogeneous, and 
their  surface  finely  granular.  The  organisms  forming  the  second 
group possess somewhat variable cultural features.  The deep colonies 
are less distinctly rosette-shaped, and sometimes show thread-like bands 
that interlace over the surface and around the margin.  After lique- 
faction has set in, the margin of the colony is less homogeneous than 
in those of the first group, the surface is coarsely granular, and masses 
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If  we  attempt  to  classify them  according to  some  of  their  other 
biological  characters we  are able  to  group  them in  several different 
ways; yet none of the groups so formed are very definite, and most 
of the individuals in  one group  are different from those  allied with 
them under some of the other modes of grouping. 
With regard to  their growth on potato we may classify them into 
three  groups:  (1)  those  growing  luxuriantly  on  potato;  (2)  those 
growing only sparingly;  and  (3) those showing no visible: growth. 
With regard to their development on Lceffier% serum mixture they 
fall  into four groups:  (1)  those  that rapidly liquefy the serum;  (2) 
those  that  slowly  liquefy it;  (3)  those  in  which  liquefaction is  so 
slight as to be doubtful, and (4) those that cause no liquefaction. 
As regards indol-production it is possible to classify them into five 
groups:  (1)  those that show marked indol-production on the addition 
of sulphuric  acid alone;  (2)  those that show feeble indol-production 
on the addition of sulphuric  acid alone, but in which the color-reac- 
tion becomes very much intensified on the further addition of sodium 
nitrite;  (3)  those that show no reaction on the addition of sulphurie 
acid,  but  show  marked reaction on  the further  addition  of  sodium 
nitrite;  (4) those that show no reaction with sulphuric acid alone and 
only a slight reaction with sulphuric acid and sodium nitrite,  and (5) 
those that fail to reveal the presence of indol when treated with both 
the acid and the reducing body. 
With a few exceptions the individual members of the several groups 
formed in either of these ways are not identical in all respects.  The 
type of  organism most frequently encountered is  identical with  the 
vibrio that formed the topic of last year's communication, and at the 
time was designated as Vibrio schuylkiliensis.* 
The other organisms differed from this type in one or more charac- 
teristics.  With some the variation is  quite insignificant, with others 
it  is  more  marked;  while those  that  are most  unlike  this  type  still 
possess features which are common to the type, and in this way render 
definite grouping impossible. 
The morphological characters of the different organisms also vary 
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somewhat.  They  vary  as  to  length  and  thickness,  and  also  with 
regard  to  the  length  of spirals  formed.  Some  of them rarely  occur 
as other than  short " comma" forms, while others exhibit a tendency 
to develop as spiral threads comprised of three  or four single commas 
joined  together.  Others  are  prone  to  grow into  much  longer  spiral 
threads  in  old  cultures.  These  morphological  tendencies  afford  no 
assistance  in .our efforts at  classification,  because those  that  are  alike 
from this standpoint are frequently unlike in their other peculiarities. 
We have also endeavored to detect differences between these cultures 
through  the employment of the  specific reaction that  occurs between 
certain pathogenic bacteria and the serum from animals  infected with 
or  artificially  immune  from  them.  For  this  purpose  animals  were 
rendered  immune  from several of the  more conspicuously pathogenic 
members of the group, and the serum from them was tested upon the 
various cultures by the ordinary hanging-drop  method now employed 
in  connection  with  the  diagnosis  of typhoid  fever.  As  far  as  these 
experiments have gone, we have not obtained  a  complete reaction,  as 
indicated by agglutination  of the individual bacteria  and  cessation of 
motion;  the nearest  that  we have been able to come to this has been 
agglutination  with  only partial  cessation  of motion.  The  reason  for 
this  may be that  our animals  were not brought to a  sufficiently high 
state of immunity, being protected from only a~out ten times the fatal 
intraperitoneal  dose.  At  all  events,  the  serum  from  such  animals 
(g~inea-pigs), as well as the serum from animals in the height of acute 
infection, did not in any case give us what we would regard as a typical 
and satisfactory reaction. 
Two  of  the  cultures  that  were  pathogenic,  but  which  from  their 
cultural peculiarities might be regarded  as less alike than the remain- 
ing members of the, group, were used to immunize guinea-pigs.  After 
bringing  the  animals  to  a  stage  of immunity  in  which  they resisted 
about ten times the fatal intraperitoneal  dose, the serum from the one, 
immune from what we shall call type a, gave the partial reaction with 
a  large  proportion  of  the  cultures;  while  the  serum  of  the  animal 
immune  from  the  type b  gave the  partial  reaction  with  but a  very 
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from type a  gave no reaction with type-culture b,  nor did the serum 
of animal b react with type-culture a.  On the other hand, a number 
of the cultures reacted to some extent with both serums, and a smaller 
number were unaffected by either serum, though with one exception 
the cultural peculiarities of these latter were essentially identical with 
those that gave the reaction. 
As a  result of our efforts to differentiate these cultures by further 
experiments upon animals, we have found that when guinea-pigs were 
rendered immune from a  single more or less typical member of the 
group, they were at the same time immune from five times the fatal 
dose of all the other pathogenic varieties. 
In the light  of the foregoing differential tests  we  are  inclined to 
regard all the cultures obtained by us as varieties of a single species, the 
important characteristics of which are those given for the spir~llum de- 
scribed by one of us (A. C. A.) in the paper published in the Preceding 
volume  of this  journal.*  The  apparent  absence  of  certain  physio- 
logical  functions,  such  for  instance  as  that  of  indol-formation  and 
nitrate-reduction, we do not, under the circumstances, regard as of the 
same degree of diagnostic importance as was formerly the case, for in 
the light of the experiments of Dr. Peckham, published in this num- 
ber of the Journal, we know that these functions are liable to fluctua- 
tion,  and that  by special methods of cultivation  they may often be 
restored  to  organisms  from  which,  under  the  influence of  environ- 
ment, they were temporarily lost or very much diminished in degree. 
The interesting and important outcome of these experiments seems 
to us to be the demonstration in the waters examined of spiral forms 
possessing characteristics that might readily lead one to mistake them 
for the genuine cholera spirillum,  should the existence of suspicious 
intestinal  disorders  in  the  neighborhood appear  to  warrant  such  an 
opinion. 
Many of the spirilla obtained by us are of the usual size  and shape 
of the cholera organism; they produce indo] and reduce nitrates; their 
colonies are sufficiently  like those of the cholera organism to easily cause 
error; they are often without pathogenesis for pigeons when inoculated 
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subcutaneously~ a property common to the comma bacillus, while intra- 
peritoneal in~ulation of guinea.pigs is fatal, and death is preceded by 
the gradual  fall  of body temperature  that  is  seen  to  occur  in  these 
animals  when inoculated  in  this  way  with  virulent  cultures  of  the 
cholera  spirillum;  and  like  the  latter  organism  our  spirilla  are  not 
pathogenic for rabbits. 
While  the  pathogenesis of the typical  members of this  group  for 
pigeons  at  once  distinguishes  them  from  the  spiri]lum  of  Asiatic 
cholera,  the  absence  of  this  property  from  many  of  the  attenuated 
varieties, which at the same time often retain the property of infecting 
guinea-pigs by intraperitoneal inoculation, when taken together with 
the striking  similarity between  their  general  biological  peculiarities, 
renders a mistake quite possible. 
It is our opinion that the  only trustworthy distinction that can be 
made between many of these varieties and the genuine cholera spiril- 
lum is  through the  employment of  either  the  specific reaction  with 
serum from animals immune from cholera, or by Pfeiffer's method of 
iatraperitoneal  testing in  such  animals.  These  latter  methods have 
not been employed by us. 
The desirability of more extended knowledge of the nature and dis- 
tribution o£ the spirilla in our American surface streams we hope, by 
these studies~  to have made manifest. 